The v8 band of CF2NH near 830 cm" 1 has been measured with a resolution of 0.003 cm" 1 and rotationally analyzed. The band is unperturbed, and its rovibrational parameters are given up to fourth order. Theoretical harmonic and anharmonic force constants have been calculated at the 6-31 G** SCF level, and all vibration-rotation interaction constants ctt and anharmonicity constants xu are predicted. The theoretical results are compared with the available experimental data.
Introduction
The difluoromethanimine molecule, CF 2 NH, has been synthesized only recently by the reaction of CF 3 NH 2 with N(C 2 H 5 ) 3 [1] . Although CF 2 NH is stable at ambient temperature only in the gas phase at low pressure, its vibrational [1] and microwave spectra [2, 3] were recorded, ground state constants determined and a planar structure deduced. This planarity was confirmed by a low temperature X-ray study [4] . Accordingly, CF 2 NH is an oblate asymmetric rotor near the symmetric top limit, x = 0.89, and its rotational energy pattern is similar to that of CF 2 0 and BF 3 , with which its is isovalent.
A high resolution study of the vibrational spectrum of CF 2 NH will therefore reveal distinctly different band types for the seven in-plane (a') and two out-ofplane (a") vibrations. While the former have a transition moment perpendicular to the pseudo-threefold symmetry axis c, the latter are expected to be associated with parallel bands. The parallel bands v 8 and v 9 correspond to the NH torsion at 832 cm -1 , strong in the infrared, and the skeletal deformation at 695 cm -1 , weak in the infrared [4] . These bands are shifted to 705 and 614 cm -1 upon deuteration, with change of vibrational character, the ND torsion now appearing at smaller wavenumber [4] . The analysis of the v 8 fundamental studied with a resolution of ca. 0.003 cm" 1 is the subject of the present study.
This experimental investigation is accompanied by ab initio calculations of the harmonic and anharmonic force fields. A previous ab initio study of CF 2 NH has considered the equilibrium geometry at the SCF and MP2 levels [5] , Experimental CF 2 NH was prepared as described previously [1] and handled in a standard vacuum line. A glass cell measuring 18.7 cm equipped with KBr windows was used, and the pressure adjusted to ca. 1 mbar. The spectrum was recorded at Giessen with the Bruker 120 HR interferometer [6] equipped with a Ge/KBr beamsplitter, MCT detector and a globar source; the spectral range was limited to 800-1070 cm -1 by means of an optical filter. A resolution of3xl0 -3 cm -1 was adjusted, and the actual line width, trapezoidal apodization, was close to3xl0~3cm _1 . Since the v 8 band was close to the energy cut-off by the detector the signal to noise ratio was only 20 to 40 depending on the spectral range. Calibration was by comparison with lines of N 2 0 [7] recorded under the same conditions; relative to these the wavenumber accuracy is 10~4 cm -1 .
Description and Analysis of the Spectrum
The v 8 band reveals a strong and split Q branch centered at 831.65 cm -1 and degraded to small wave-0932-0784 / 92 / 0100-491 $ 01.30/0. -Please order a reprint rather than making your own copy. The Q branch could not be resolved; the gap is due to asymmetry splitting of low-K c lines giving rise to two band heads. Some lines of the v 4 band of the quasi-linear HNCO molecule [8] , which was present as a minor contaminant, were detected, Figure 1 . Lines belonging to q P clusters (AJ = -1, AK a = -1, AK c = 0) were assigned for J"^40 and K"^32 and q R lines (A J = + 1, A K a = +1, A K c = 0) for J" S 52 and K"^ 46. Lines whose splitting was not resolved were assigned to both asymmetry components. A total of 3034 non-zero weighted data were subjected to a least squares fit to derive excited state parameters.
The model employed is Watson's A-reduced Hamiltonian in I r representation [9] , This representation (rather than III r ) was adopted for reasons of consistency with the ground state parameters [2] , which were held fixed in the refinement procedure. While ground state constants up to sixth order were used, v 8 = 1 excited state parameters were determined with significance only up to fourth order, and the sextic terms were constrained to their ground state values. The results are set out in Table 1 . It is evident that changes of rotational parameters upon v 8 = 1 excitation are mostly small with regard to their absolute values, and in conjunction with the standard deviation of the fit, a = 2.6 x 10" 4 cm -1 , it has to be concluded that the v 8 band is completely unperturbed.
Only C-type lines have been observed, and a search for A-and B-type lines with the assistance of predictions by means of excited state parameters was not successful. The calculated spectra illustrated in Fig. 1 and Fig. 2 are in excellent agreement with the experimental spectrum and support this assessment. A program [10] was used for the data fit, and lists of lines with their assignments and the correlation matrix of v 8 = 1 parameters have been deposited and are available as supplementary material [11] .
Theoretical Methods
All quantum-chemical calculations were carried out at the Hartree-Fock SCF level by using the GRADSCF program system [12] and the standard 6-31 G** basis set [13, 14] . The molecular geometry was optimized within the constraint of C s symmetry such that the largest component of the Cartesian gradient was less than 10" 7 a.u. The quadratic force constants and the dipole moment derivatives were evaluated analytically in Cartesian coordinates, and the normal modes were obtained in the usual manner [15, 16] . The cubic and quartic normal coordinate force constants were then directly determined with the use of a finite difference procedure [17] which involves displacements along reduced normal coordinates (stepsize Aq = 0.0\) and the calculation of analytic second derivatives (relative precision e< 10" 9 ) at these displaced geometries. Spectroscopic constants were derived from the theoretical normal coordinate force constants using standard formulas based on perturbation theory [18, 19] .
Theoretical Results and Discussion
Our optimized equilibrium geometry of CF 2 NH at the 6-31G** SCF level is identical to that published previously [5] . Compared with the recent solid-state X-ray structure [4] , the deviations for the bond angles are below 1°, and the theoretical bond lengths between non-hydrogen atoms are too short by 0.004-0.018 Ä (0.3-1.4%). Such a behaviour is quite typical for 6-31 G** SCF geometries [20] . Table 2 lists the calculated equilibrium and ground state rotational constants, the latter ones including the contributions from the vibration-rotation interactions (see below). The theoretical ground state rotational constants are 2-3% higher than the experimental values [2, 3] which is consistent with the errors in the calculated bond lengths. Table 3 lists the vibrational wavenumbers and infrared intensities for CF 2 NH and CF 2 ND. HartreeFock SCF calculations with medium-size basis sets are known [20] to yield harmonic wavenumbers co, which are usually 10-15% higher than the observed fundamental wavenumbers v i5 and elaborate scaling procedures [21] are available to correct for these systematic deviations. However, since the vibrational assignments for CF 2 NH and CF 2 ND are established by now [4] , we have introduced a single scale factor for both molecules, i.e. v ; = 0.88443 co,-, to check the consistency between the theoretical and experimental data. The rms deviations between these calculated v t values and the observed ones are 17.2 and 19.9 cm" 1 for CF 2 NH and CF 2 ND, respectively, which is about as good as can be expected at the chosen theoretical level. These comparisons support the recent reassignment [4] of the v 6 vibration (572.7/563.7 cm -1 rather than 618/609 cm -1 [1] ). The calculated shifts upon deuteration and the predicted intensity patterns are also in good agreement with the experimental data (see Table 3 ).
The theoretical vibration-rotation interaction constants a, (see Table 4 ) depend on the quadratic and cubic force fields. In the case of and a 7 , complications may arise from the strong v 6 /v 7 Coriolis interaction so that alternative values are given which refer to an explicit treatment of this interaction (see footnote b of Table 4 ). The only available experimental a ; values are those determined in this study for v 8 (see above and Table 1 ). There is agreement between theory and experiment that ojg and a® are both positive and of the order lxl0~3cm -1 , while ctg is negative and very small. More quantitatively, the theoretical and experimental v 8 values differ by factors of 1.5-2.2. These discrepancies are higher than in a previous systematic study [22] of 16 halide molecules H 3 MX (M = C-Sn, X = F-I) where deviations were typically in the range 0-30%. It remains to be seen whether the discrepancies are generally larger in multiply-bonded systems such as CF 2 NH. Table 5 lists the theoretical anharmonicity constants Xij which depend on the quadratic, cubic, and quartic force fields. In our calculations there is no evidence for important anharmonic resonances in CF 2 NH. Accurate experimental x i} values are not yet available. The predicted x tj constants in Table 5 may be used to estimate the location of overtone and combination bands. It is hoped that the theoretical predictions in Tables 4 and 5 will be useful in future high resolution experimental work on CF 2 NH. The ab initio cubic and quartic force constants are deposited as supplementary material [11] .
